activities of daily living disability, hospitalization or institutionalization, and mortality (Fried et al., 2001; Rockwood et al., 1999) .
Clinically, frail older adults may present with a combination of physical and cognitive impairments (Hogan, MacKnight, & Bergman, 2003) . Many frailty models exist in the literature, and one such model developed by Fried et al. (2001) is multifactorial by incorporating unintentional weight loss, weakness, poor endurance, slowness, and low activity levels as frailty factors. The advantage to Fried's model for researchers involved in exercise interventions is the potential to measure and monitor frailty factors using outcome measures routinely collected in exercise trials (Guralnik et al., 1994; Rikli & Jones, 1999a; . This definition provides a unique opportunity to test the effect of an intervention on changes in frailty status over time. Studies to date have been limited to using baseline frailty status as a predictor of outcomes (Binder et al., 2002; Brown et al., 2000; Gill et al., 2003; Gill et al., 2002) .
Emerging literature on frailty has taken the approach of dividing frailty into worsening gradients of severity for the purpose of triaging health care T he health issues facing a frail, older adult are numerous and often overwhelming. Although no single definition of frailty is accepted by consensus, Ferrucci et al. (2003, p. 132 ) defined frailty as "a pathologic condition that results in a constellation of signs and symptoms and is characterized by high susceptibility, impending decline in physical function and high risk of death." As many as one in three adults aged 80 and older are frail (Fried, Ferrucci, Darer, Williamson, & Anderson, 2004) , and compared to the nonfrail, frail older adults are at increased risk for falling, worsening mobility and This study sought to determine if telephone exercise counseling attenuates frailty in older, male veterans through increased levels of physical activity. Eighty-one elderly, male veterans (age = 78.4 ± 4.9 years) randomized to intervention (n = 39) or combined control groups (n = 42) completed baseline and 6-month follow-up measures of gait velocity, 6-min walk, chair stands, body mass index, and physical activity. Adapting the Fried frailty model, deficits in one or more of these outcomes indicated frailty. The intervention group had a 6-month decrease of 18% in the proportion of frail to not frail participants, whereas the control groups had no change in proportions (Fisher's p = .08). Frail participants had a mean 6-month decrease in physical activity levels of 124 kilocalories/week, whereas the not frail group increased by 619 kilocalories/week (p = .07). There was a clinically meaningful change in frailty status with intensive, telephone exercise counseling. Improvement in frailty status was likely due to improvement in functional limitations. needs. For instance, Fried et al. (2001) identified frailty as having three or more frailty characteristics, where intermediate or pre-frailty was defined as having one or two characteristics. However, when examining data from 5,317 participants of the Cardiovascular Health Study, they reported the covariate-adjusted 3-and 7-year hazard ratios for incident falls, worsening activities of daily living disability, and first hospitalization to be quite similar between the pre-frail and frail groups. In addition, the 3-and 7-year hazard ratios of worsening mobility were higher in the pre-frail than the frail. Furthermore, although physical activity interventions targeted at frail older adults have generally demonstrated significant gains in strength, mobility, and physical function (Binder et al., 2002; Fiatarone et al., 1994) , when stratifying frailty groups into less and more severe stages, some studies have demonstrated that the more severely frail are less likely to respond favorably to physical activity interventions compared to the less frail (Faber, Bosscher, Chin A Paw, & van Wieringen, 2006; Gill et al., 2002) . This has led to a current lack of substantive knowledge in the literature related to clearly understanding how to identify frailty and if frail older adults can improve functioning and in turn reverse their frailty status in response to a physical activity intervention.
Using data from a randomized, controlled trial, the purpose of this secondary analysis was to determine the impact of a telephone-based exercise intervention on the longitudinal frailty status of older veterans. A secondary aim was to determine if frail veterans increase physical activity levels when provided with a home-based exercise intervention.
Methods
This was a secondary analysis of a 6-month clinical trial conducted collaboratively between the Durham Veterans Affairs (VA) Geriatric Research, Education and Clinical Center and the VA primary care clinics with the broad aim of developing an intervention to increase physical activity levels in older veterans. The details of the characteristics of recruitment, subjects, intervention, and primary outcome measures of the clinical trial have been previously described (Morey et al., 2006) .
Participants and Recruitment Process
Veterans, ages 70 and over, followed by the Durham VA geriatric and primary care clinics were recruited for the clinical trial. From an initial patient pool of 1385 veterans, 639 (46%) were deemed eligible for the study (e.g., individuals without diagnoses indicating terminal disease, unstable angina, unresolved ventricular tachycardia, stroke with moderate to severe aphasia, active substance abuse, uncontrolled hypertension, chronic obstructive pulmonary disease requiring two or more hospitalizations within the previous 12 months, or severe chronic pain that would preclude ability to exercise), and of those 212 (15% of 1385) consented to participate. After all screening and recruiting procedures, 175 (13% of 1385) participants were given a home-based exercise program, randomized, and completed the baseline measures, and 165 (12% of 1385) participants completed the study. One female participated in the study, and she was not included in these analyses. All participants read and signed a research consent form prior to participation in the study, and the Durham VA institutional review board approved the study on an annual basis.
Physical Activity Counseling and Study Groups
All participants received baseline physical activity counseling that was tailored to their stage of readiness to engage in physical activity. A health counselor, who had extensive training in exercise and lifestyle counseling for older adults, directed all baseline counseling sessions. The counseling was grounded in the transtheoretical model of behavior change (Prochaska, 1979 ). The transtheoretical model has been used previously as a conceptual framework for behavior change and has been successfully applied to physical activity behavior change (Calfas et al., 1996) . To effectively target behavior change, the transtheoretical model identifies five stages of change: precontemplation, contemplation, preparation, action, and maintenance. Individuals identified as precontemplators received primarily counseling pertaining to the benefits of physical activity. For those planning to initiate exercise (those in contemplation or preparation), sessions focused on specific details pertaining to frequency, intensity, and duration of physical activity; barriers to exercise; sources of social support; and individually tailored benefits mostly related to improved physical function or reduced symptoms of chronic disease. For individuals already engaging in exercise (action or maintenance), the counselor reviewed their program and reinforced achievement of the Surgeon General's guidelines for physical activity (U.S. Department of Health and Human Services, 1996) . Upon completion of the baseline physical activity counseling session, participants were randomized to one of three groups briefly described below.
Individuals randomized to the high-intensity physical activity counseling group received a workbook that included a photograph and contact information of the health counselor, a statement of their long-term physical activity goal to accumulate 30 min of moderate physical activity on 5 or more days of the week, a list of benefits of physical activity, the workbook Exercise: A Guide From the National Institute on Aging (National Institute on Aging, 2001), a pedometer with instructions, a daily pedometer log, and a description of symptoms that should not be ignored. The health counselor made follow-up telephone calls biweekly for 3 months and once a month for the remaining 3 months. The content of these calls was physical activity tailored to functional limitations and built upon the initial physical activity plan discussed prior to randomization and endorsed by the primary care provider during the baseline clinic visit.
Individuals randomized to the attention control group were provided with a workbook that included a photograph and contact information of the health counselor and a series of pamphlets and written material on nine topics unrelated to physical activity. The topics included taking medications safely, foot care, preventing falls, understanding laboratory results, what to do about the flu, skin care, constipation, healthy eating, and common eye problems. Health counselor telephone calls followed a structured script that addressed each health topic with no efforts made at behavior modification. The total number and average length of calls were identical to the calls made to those in the high-intensity counseling group.
Individuals randomized to the usual care group received a workbook containing a senior citizen resource information; an Age Page from the National Institute on Aging, "Exercise: Feeling Fit for Life"; and a listing of services available through the VA Social Workers. The usual care group had no contact with the health care counselor after the baseline physical activity counseling session.
For these analyses, we combined the attention control and usual care groups to form a single control group. This allowed for comparable sample sizes for these analyses as the randomization schedule for this study followed a 2:1 intervention to control pattern.
In addition, we found no differences between the attention control and usual care groups when analyzing primary outcomes of the trial (Morey et al., 2006) .
Intervention Fidelity
The rate of physician endorsement of the baseline physical activity counseling plan was almost 100% (99.4%). The health care counselor telephone call date, length, and specific exercise data were collected and recorded into the database at the time of the call. In the event the call could not be completed in the assigned week, the health counselor attempted to complete the call the following week and continued until the call was complete. Occasionally calls were not completed due to patient travel or illness, and call schedules were adjusted to accommodate this. In a very similar study recently completed, our health counselor had a calls success rate (e.g., within 1 week of target date) of more than 99%.
Measures
Physical activity was assessed using the Community Healthy Activities Model Program for Seniors (CHAMPS) activities questionnaire for older adults . The CHAMPS questionnaire provides two scores for analysis: (a) frequency per week of all physical activities and (b) kilocalories (kcals) per week expended in all physical activities. The CHAMPS has been well validated as a tool for intervention studies and is sensitive to change (Stewart, Sepsis, King, McLellan, & Ritter, 1997; Stewart, Verboncoeur, et al., 2001; .
Participants completed a series of physical performance tests that formed the basis for determination of frailty status in this analysis. Four physical performance tests were administered: 10-meter walk, 30-second chair stands, eight-foot up and go, and 6-min walk. Ten-meter walk time was recorded in seconds as the mean of two trials for individuals walking at their usual walking speed along a 10-meter course with a two to four step start-up. Time to walk 10 meters was converted to meters per second (m/s) for comparative purposes. Recent research indicates that usual walking speed is a strong predictor of incident mobility-related disability, nursing home placement, and mortality among the community-dwelling elderly (Guralnik et al., 2000; Guralnik, Ferrucci, Simonsick, Salive, & Wallace, 1995; Guralnik et al., 1994) . Additionally, assessment of usual walking speed over time has been shown to be relatively stable in older adults and is sensitive to change with intervention (Ferrucci et al., 1996; Morey et al., 1999) .
The other three tests (30-second chair stands, eight-foot up and go, and 6-min walk) were administered according to the standardized methods of Rikli and Jones (1999a) . The 30-second chair stand test is a measure of lower body strength. It has been shown to have excellent reliability, with an intraclass correlation of .89; and good criterion validity, with a correlation of .77 with the one-repetition leg press test (Rikli & Jones, 1999a) . The eight-foot up and go test is a measure of dynamic balance and mobility. It correlates well (r = -.81) with the Berg Balance Scale, a widely utilized clinical measure of balance and falls risk (Berg, Wood-Dauphinee, Williams, & Gayton, 1989) , and has excellent intraclass reliability (r = .95) (Rikli & Jones, 1999a) . The 6-min walk test is a measure of cardiorespiratory endurance. It has demonstrated good criterion validity compared to cardiorespiratory treadmill testing (r = .78) and excellent intraclass reliability (r = .94) (Rikli & Jones, 1998) .
Determination of Frailty Status
The theoretical framework proposed by Fried et al. (2001) was utilized to identify frailty, with modifications of the component measures to those available in our study. Frailty was defined as having one or more of five characteristics, which were shrinking (body mass index [BMI] < 18), weakness (less than 20th percentile for age-and sex-based national norms in chair stands) (Rikli & Jones, 1999b) , poor endurance (less than 20th percentile for age-and sex-based national norms in 6-min walk) (Rikli & Jones, 1999b) , slowness (if height < 173 cm, then < 0.65 m/s; if height > 173 cm, then < 0.76 m/s), and low activity (less than 20th percentile for kcal expenditure in this study cohort via physical activity from CHAMPS).
As stated previously, Fried et al. (2001) reported that differences in risk were negligible between the pre-frail and frail groups when examining several adverse health outcomes in the Cardiovascular Health Study. They also reported that a majority of their frail group was female with health characteristics typically associated with older women, such as high prevalence of depressive symptoms (31%) and difficulty in instrumental activities of daily living (60%). Consequently, the demographic profile of the frail group in the Cardiovascular Health Study represented a group substantively different from their pre-frail group beyond simply having more frailty factors, whereas the pre-frail and frail participants in the present study were similar in their demographic and physical characteristics (data available upon request). On this theoretical basis, the pre-frail and frail were combined into one group for this study. Statistical power was subsequently gained to compare changes in proportions over time between the not frail and one frail group.
Complete 6-month physical performance measures data were available for approximately 79% of the study participants (130 of 165) who completed the intervention. However, because body weight was not measured as part of the data collection process at the 6-month visit, VA medical records were used to ascertain body weight at approximately 6 months to calculate the BMI frailty factor. Eighty-one participants (49%) had a body weight recorded in their medical record within ± 1 month of the target 6month follow-up date.
Statistical Analysis
Baseline characteristics of the groups were calculated using univariate procedures. Baseline differences in characteristics by frailty status, study group, and their interaction were determined using a 2 (frail and not frail) × 2 (intervention and control groups) ANOVA. Because of outliers in the distribution of baseline weekly calories expended, a Wilcoxon rank sum test was conducted to test for differences between groups. Changes in proportions between the intervention and control groups from baseline to 6 months were analyzed with a McNemar's test for dependent groups, first by group to calculate a McNemar odds. The homogeneity of the two odds across groups was then assessed by a Fisher's exact test.
A 2 × 2 analysis of covariance estimated the impact of frailty status, study group, and other baseline predictors of change on physical activity (dependent variable). In addition to main effects, the a priori interaction of interest was Initial frailty status (frail and not frail) × Study group (controls and intervention). To eliminate having physical activity as both a dependent and independent variable in the model, physical activity was removed as a frailty factor and baseline level of physical activity was entered as a covariate. Significance was set at the two-tailed p < .05 level.
Results
There were no significant differences between study groups for any variables listed in Table 1 , indicating that randomization resulted in equal distribution of frail participants between the intervention and control groups. When examining differences between the frail and not frail, there were significant differences between the frail and not frail, respectively, in 6-min walk distance, number of chair stands, and usual gait velocity (all p values .0001). There was no significant difference (p = .10) in BMI between frailty groups. Further analyses revealed that no study participants fit the low BMI criteria (1 participant had a baseline BMI of 18.3), suggesting that perhaps in this overweight cohort BMI may not be a sensitive proxy to Fried's unexpected weight loss factor. Similarly, frailty groups did not differ significantly in weekly calories expended (p = .61). One possible reason for this finding was that 2 frail participants in the control group reported unusually high calories expended weekly (>9500 kcals/week).
The proportion of frail participants in each study group at baseline and at 6 months is in Table 2 . At baseline, almost 70% of the participants were frail. In the intervention group, the proportion of frail was reduced by 18% over 6 months, whereas the control group showed no change in proportion over time (Fisher's p = .08). The individual frailty factors that had the greatest change from baseline to 6 months in the intervention group were weakness (59% to 49%) and slowness (15% to 10%). In the control groups, there were no individuals with a poor endurance factor at baseline, but at 6 months, 10% were positive for the factor. All other frailty factors remained unchanged in the control groups.
Inasmuch as an 18% change in frail proportions in the intervention group would be clinically significant, post hoc power calculations were done to guide future studies. This analysis revealed that at 80% power, a sample size of 125 per group would be required to yield 50 discrepant pairs to detect a difference in McNemar odds of 6.0. The initial regression model predicting change in physical activity between frailty groups indicated that the frail participants randomized to the intervention did not differ from the other groups with respect to change in physical activity over 6 months. The final model indicated that baseline frailty status, regardless of intervention, had a borderline negative association with change in physical activity (p = .07), even after controlling for baseline levels of physical activity. The mean change in physical activity over the 6 months in the not frail group was an increase of 619 kcals/week, whereas the frail group had an average decrease of 124 kcals expended/week over 6 months.
Discussion
This study resulted in several important findings regarding frail older veterans and their potential for change in frailty status with a 6-month telephonebased physical activity intervention. At baseline, almost 70% (n = 55) of the group was frail. This proportion is substantially higher than the 50% to 55% prevalence reported in other community-dwelling older adult populations (Fried et al., 2001) . However, elderly veterans are known to have higher rates of chronic illnesses and be in poorer health than nonveterans (Gizlice, 2002) , so higher rates of frailty in 79.3 ± 5.0 79.0 ± 5.3 77.6 ± 4.5 77.7 ± 5.6 p = .30 BMI (kg/m 2 )
28.4 ± 6.6 27.3 ± 3.3 28.7 ± 3.5 27.6 ± 4.5 p = .10 6-min walk (feet) 1125 ± 444 1585 ± 252 1125 ± 314 1543 ± 265 p < .0001 Chair stands (n) 6.8 ± 3.7 12.4 ± 2.1 7.6 ± 2.7 11.9 ± 1.4 p < .0001 Gait velocity (m/s) 0.87 ± 0.27 1.21 ± 0.20 0.91 ± 0.23 1.10 ± 0.19 p < .0001 Calories expended/week (kcal) 2473 ± 1628 4094 ± 1901 2950 ± 2797 2967 ± 1572 p = .61
Note: There were no significant differences between the intervention and control groups for any characteristic listed. BMI = body mass index older veterans is not surprising given their higher burden of disease. At baseline, significant differences were noted between the frail and not frail in 6-min walk distance, number of chair stands, and usual gait velocity, indicating that as a group, those identified as frail had worse lower body strength and mobility than the not frail group. In fact, the frail group's average age-and sex-matched normative scores were below the 10th percentile in both the chair stand and 6-min walk tests, whereas the not frail group was in the normal range, at the 35th and 40th percentile for the two tests, respectively (Rikli & Jones, 1999b) . In addition, gait velocity in the frail group was < 1.0 m/s, which is a threshold associated with increased risk for hospitalization and arthritis (Peterson, Giuliani, Foxworth, & Shubert, 2004; Studenski et al., 2003) .
These results indicate that frailty status can be affected over a 6-month period by an intensive exercise intervention that focuses on functional limitations. Proportions of frail participants in the intervention group tended to change (18% relative change, Fisher's p = .08) compared to the control groups. The frailty factors most amenable to change with our intervention were weakness and poor endurance. To our knowledge, this is the first study focusing on whether or not an intervention can actually change the frailty status of an older adult. Studies to date have used frailty status as a baseline predictor of adverse outcomes (Fried et al., 2001; Rockwood et al., 1999) or have explored change in functional outcomes with an intervention targeting the frail (Binder et al., 2002; Brown et al., 2000; Gill et al., 2003; Gill et al., 2002) . Our results are in agreement with previous studies that showed a change in functional status in the less frail can be achieved with a physical activity intervention (Faber et al., 2006; Gill et al., 2002) . These previous studies also demonstrated a poor functional response to intervention in the severely frail. There were very few severely frail participants in this study; therefore, this study cannot add support or contrary evidence to previous findings regarding the ability of the severely frail to change their status. Future studies are needed in this area of frailty research.
It is important to note that the clinical trial from which these analyses are derived was not powered to assess differences in change to frailty status. The trial's primary outcome was change in physical activity, yet the intervention demonstrated a clinically meaningful effect on frailty status in this secondary analysis. This can be interpreted as clinically meaningful due to previous studies having reported that the cost of care for frail older adults is approximately 3 times that of the not frail (McNamee et al., 1998) . This is coupled with very recent data that suggest providing home-based, preventative health promotion to frail older adults is equal in cost to on-demand care and is associated with better mental health functioning, a reduction in depression, and enhanced perceptions of social support (Markle-Reid et al., 2006) . It may be possible to lower the burdensome cost of care of frail older veterans, with little to no upfront cost increases, by providing them with a home-based, preventative health promotion program that includes appropriate physical activity counseling. Appropriately powered studies should be planned to examine the effect of home-based physical activity interventions on frailty in older veterans and analyze of the costs involved. To aid future studies, power calculations with suggested sample size estimates have been provided (see Results section). It may also be important to undertake interventions of duration longer than 6 months to allow adequate time to observe trajectories of functional status.
In this exercise trial, frail participants randomized to the intervention did not differ from other subgroups in change in physical activity from baseline to 6 months. However, frailty status at baseline tended to predict change in physical activity over 6 months (p = .07). Although not reaching statistical significance, the direction of this borderline association between baseline frailty status and change in physical activity was unexpected. It was hypothesized that frail older veterans might have greater positive change in levels of physical activity compared to not frail veterans. However, the average change in frail participants' physical activity over 6 months was almost 800 kcals/week less than the not frail group. This is an important finding, as previous intervention studies have aimed at reducing the deleterious effects of frailty by increasing overall levels of physical activity (Binder et al., 2002; Brown et al., 2000; Helbostad, Sletvold, & Moe-Nilssen, 2004a) . It is also important to note that the measure of physical activity used in our study (CHAMPS) may not be sensitive to small changes in physical activity in our study sample, as the calculation of weekly time spent in physical activity is based on wide ranges of time within each time "dose" (i.e., less than 1 hr per week, 1-2.5 hr per week, etc.).
Our data indicate that those who are already frail may not be amenable to interventions aimed at broadly increasing physical activity levels at home. Helbostad, Sletvold, and Moe-Nilssen (2004b) reported that adding a group-based exercise piece to a homebased exercise intervention significantly improved health-related quality of life and walking speed, compared to the home-only exercise group. It is possible that the additional social benefit of group exercising is a key aspect to improving functioning in frail elders. Helbostad added a strength training component to the home-based intervention, which we feel, as do other investigators (Macaluso & De Vito, 2004) , is a crucial piece to interventions aimed at affecting functional decline.
Given the multifactorial nature of frailty, it is very possible that reasons for improvements in frailty status are heterogeneous and may be difficult to measure. As stated previously, the intervention for this clinical trial was geared toward functional deficits that were targeted with a specific impairment level approach (paralleling their frailty factors) to increase function (i.e., increasing strength for chair rise improvements). Multiple primary outcome measures are needed in adequately powered future studies to capture changes at the level of the individual frailty factors. Similarly, fast and easy-to-administer clinical tests for allied health professionals may be needed to screen for frailty and to allow for targeted clinical interventions.
The findings from this study are important to therapeutic disciplines beyond that of clinical medicine, including, but not limited to, mental health, public health, and social services professions. For example, very recent data suggest that frailty is associated with increased prevalence of psychiatric illness and that increasing severity of frailty is associated with increased odds of psychiatric illness (Andrew & Rockwood, 2007) . Additionally, frailty has been recently linked to long-term risk for mental health decline, requiring additional health and social services (Woo, Goggins, Sham, & Ho, 2006) . Presence of frailty may also affect sexual health, as it has recently been reported to be associated with elevated levels of sex-hormone-binding globulin, which is directly linked to decreased libido and sexual desire (Mohr et al., 2007) . As evidence linking frailty with compromised mental health and quality of life continues to emerge, it will become increasingly important for mental health and social work professionals to recognize frailty and partner with geriatric medicine providers to formulate plans of care that include targeted physical activity programs aimed at frailty.
Conclusions
This study offers some evidence that frailty status can be positively affected by a telephone-based exercise intervention aimed at increasing physical activity and improving function. The 18% reduction in frailty proportions seen in the intervention group was not a result of improved physical activity in the frail group, so gains in functional performance could be implicated and need investigation. Another critical area for future study involves testing the effectiveness of multidisciplinary frailty interventions involving mental health and social services components. Sample size estimates were provided to gauge the trial sizes needed to change the frailty status of older veterans. This information should assist in planning and conducting future studies, which is much needed in this area of research.
